(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) EP 1 000 969 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
09.10.2002 Bulletin 2002/41 



(51) Intci7: C08K 5/50, C08K 5/42, 
C08K5/00. C08K 5/103 



(21) Application number: 99308837.6 

(22) Date of filing: 05.1 1 .1 999 



(54) Antistatic agent for synthetic polymer materials and method of application thereof 

Antlstatikmlttel fur syntetische Polymermaterialien und dessen Anwendungsmethode 
Agent antistatique pour mati^re polymere synth^tique et sa mithode d'utilisation 



m 

O) 
CD 
O) 



o 
o 



Q. 

UJ 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 12.11.1998 JP 32117698 
08.10.1999 JP 28747099 

(43) Date of publication of application: 
17.05.2000 Bulletin 2000/20 

(73) Proprietor: Takemoto YushI Kabushlkl Kalsha 
Gamagouri-shi Aichi-ken (JP) 



(72) Inventor: Suzuki, Masahiro, 
c/o Takemoto Yushi KK 
Gamagouri-shi, Aichi-ken (JP) 

(74) Representative: Ablewhite, Alan James 
MARKS & CLERK, 
57/60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



(56) References cited: 
US-A-4 943 380 



US-A- 5 449 709 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1 ) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 000 969 B1 



Description 

Background of the Invention 

s [0001] This invention relates to antistatic agents for synthetic polymer materials and methods of applying such an 
antistatic agent to a synthetic polymer material. Synthetic polymer materials are usually strongly hydrophobic and 
hence tend to become electrostatically charged. These characteristics are a problem in the production process of such 
materials as well as when the products made therefrom are actually used. This invention relates to antistatic agents 
with which such problem can be overcome and also to a method of applying such an agent to a synthetic polymer 

10 material. 

[0002] In the past, electrically conductive agents such as carbon or electrically conductive metallic powder or sur- 
factants used to be used as an antistatic agent against synthetic polymer materials. They are usually added to such a 
synthetic polymer material or applied on its surface. When such an electrically conductive agent Is used, however, a 
significantly large quantity is usually required for obtaining any appreciable effect and the method of application was 

15 not very simple. IVloreover, since transparent products of this kind were hard to obtain and these agents are rather 
expensive, they could be used only under limited circumstances. On the other hand, there are many kinds of surfactants 
and It is usually possible to select an appropriate surfactant for most situations, and many kinds have been proposed 
for application to synthetic polymer materials. If an anionic surfactant is used, however. Its compatibility is usually poor 
and it may not disperse uniformly. Since it tends to decompose or deteriorate when heated and to adversely affect hue 

20 or transparency, it Is considered difficult to use. Catlonic surfactants having quaternary nitrogen in the molecule or 
ampholitic surfactants have good antistatic capabilities but their resistance against heat is poor, and hence they can 
be used only for a limited range of purposes. Non-ionic surfactants are superior to ionic surfactants regarding compat- 
ibility with synthetic polymer materials but not only is their antistatic capability weak but it tends to become weaker with 
time at nomial or higher temperatures. For Improving the characteristics of these surfactants, Japanese Patent Pub- 

25 lications Tokkal 62-230835, 63-117061 , 1-14267, 1-62336 and 1-92474 and U.S. patent 4,943,380 have proposed the 
use of phosphonium sulfonates. The kinds of phosphonium sulfonates proposed in these references, however, tend 
to adversely affect the natural hue or transparency of the synthetic polymer materials, and since only a limited amount 
of them can be used, sufficient antistatic quality cannot be obtained under a low humidity condition. 

30 Summary of the Invention 

[0003] The problem, to which the present invention is addressed, is that prior art phosphonium sulfonates affect the 
natural hue and transparacy of synthetic polymer materials and since they cannot be used in a sufficiently large amount 
that their antistatic capabilities are limited under a low humidity condition although they generally have better compat- 
35 Ibility and resistance against heat than other kinds of surfactants. 

[0004] The invention Is based on the Inventor's discovery that the above and other problems can be successfully 
addressed to If use Is made of a specified kind of phosphonium sulfonate and a specified kind of inorganic sulfonate 
are used in combination as an antistatic agent for synthetic polymer materials. 

40 Detailed Description of the Invention 

[0005] This invention relates to an antistatic agent for synthetic polymer materials characterized as comprising a 
phosphonium sulfonate shown by Fonnula (1) below: 

45 

\ / 
A', so,-- r 

/ \ 

R' R* 

and an inorganic sulfonate shown by Fonnula (2) below: 

55 

(A^ - S03 )„ . M"* Formula (2) 



Fonnula (1) 
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where and are each independently an alkyi group with 1- 36 carbon atoms, an alkenyl group with 4-24 carbon 
atoms, a phenyl group, a phenyl group substituted by an alkyI group with 1-18 carbon atoms, a naphthyl group or a 
naphthy) group substituted by an alkyI group with 1-18 carbon atoms; R^, R^, R3 and are each Independently an 
aliphatic or aromatic hydrocarbon group with 1-18 carbon atoms or a hydrocarbon group substituted by a hydroxyl or 
5 cyano group, is an alkali metal cation if n = 1 and an alkaline-earth metal cation if n = 2; and n = 1 or 2. 

[0006] This Invention also relates to an antistatic agent for synthetic polymer materials characterized as comprising 
not only a phosphonium sulfonate shown by Fomnula (1) given above and an inorganic sulfonate shown by Formula 
(2) given above, but also aliphatic carboxylic acid ester of potyhydric alcohol. 

[0007] This invention further relates to a method of providing an antistatic characteristic to a synthetic polymer ma- 
te terial by adding a phosphonium sulfonate shown by Fomnula (1) given above and an inorganic sulfonate shown by 
Formula (2) given above. 

[0008] This invention still further relates to a method of providing an antistatic characteristic to a synthetic polymer 
material by adding not only a phosphonium sulfonate shown by Formula (1) given above and an inorganic sulfonate 
shown by Formula (2) given above but also aliphatic carboxylic acid ester of polyhydric alcohol. 

IS [0009] Phosphonium sulfonate shown by Formula (1) is characterized as comprising both organic sulfonate anion 
and organic phosphonium cation. Examples of such organic sulfonate anion include (1) those having alkyi group with 
1-36 carbon atoms such as methyl sulfonate, ethyl sulfonate, propyl sulfonate, butyl sulfonate, octyl sulfonate, dodecyl 
sulfonate, tetradecyl sulfonate, stearyl sulfonate, tetracosyl sulfonate and 2-ethylhexyl sulfonate, (2) those having alke- 
nyl group with 4-24 carbon atoms such as butenyl sulfonate, octenyl sulfonate, dodecenyl sulfonate, tetradecenyl 

20 sulfonate and octadecenyl sulfonate; (3) phenyl sulfonate; (4) those having phenyl group substituted by alkyI group 
with 1-18 carbon atoms such as methylphenyl sulfonate, butylphenyl sulfonate, octylphenyl sulfonate, dodecylphenyl 
sulfonate, dibutylphenyl sulfonate and dinonylphenyl sulfonate; (5) naphthyl sulfonate; and (6) those having naphthyl 
group substituted by alkyl group with 1-18 cari^on atoms such as dlisopropyl naphthyl sulfonate and dibutylnaphthyl 
sulfonate. Preferable among these are those having alkyl group with 6-22 carbon atoms, those having phenyl group 

25 substitued by alkyl group with 2-12 carbon atoms and those having naphthyl group substituted by alkyl group with 2-12 
carbon atoms. Dodecylbenzene sulfonate anion is particularly preferable. 

[0010] Examples of organto phosphonium cation of Fonnula (1) include (1) those wherein R^ - R"^ in Fonnula (1) are 
each aliphatic hydrocarbon group with 1-18 carbon atoms such as tetramethyl phosphonium, tetraethyl phosphonium, 
tetrabutyl phosphonium, triethylmethyl phosphonium, tributylmethyl phosphonium, diethyl-dihexyl phosphonium, dioc- 

30 tyl-dimethyl phosphonium, trimethylbutyl phosphonium, trimethyloctyl phosphonium, trimethyl-lauryl phosphonium, tri- 
methyl-stearyl phosphonium, triethyloctyl phosphonium and tributyloctyl phosphonium; (2) those wherein at least one 
of R^ - R^ is aromatic hydrocartDon group such as tetraphenyl phosphonium, triphenyl methyl phosphonium, triphe- 
nylethyl phosphonium, triphenylbenzyl phosphonium and tributylbenzyl phosphonium; and (3) those wherein at least 
one of R*" - R^ is hydrocarbon group substituted by hydroxy] group or cyano group such as tetramethylol phosphonium, 

35 tri (2-cyanoethyl) methyl phosphonium, tri (2-cyanoethyl) benzyl phosphonium, tri (3-hydroxypropyl) methyl phospho- 
nium, tri (3-hydroxypropyl) benzyl phosphonium, trimethyl {2-hydroxyethyl) phosphonium and tri (2-hydroxyethyl) me- 
thyl phosphonium. Preferable among these are organte phosphonium cations wherein R^ - R^ in Fonnula (1) are each 
aliphatic hydrocarbon group with 1-8 carbon atoms. Tetrabutyl phosphonium cation Is particulariy preferred. 
[0011] The invention does not impose any particular limitation on the combination of organic sulfonate anion and 

^0 organic phosphonium cation. These phosphonium sulfonates can be obtained by mixing corresponding metallic or 
ammonium salt of the organic sulfonate and quatemary phosphonium salt inside a solvent and separating the by- 
product inorganic salt by rinsing or extracting the phosphonium sulfonate by using an organic solvent such as methanol, 
isopropanol or acetone. 

[001 2] The Inorganic sulfonates shown by Fonnula (2) are metallic salts obtained by using the same organic sulfonate 
45 anion described above regarding phosphonium sulfonates shown by Formula (1 ). Preferred alkali metallic salts Include 
salts of sodium and potassium. Prefen'ed alkaline-earth metallic salts include salts of calcium and magnesium. 
[001 3] Examples of aliphatic carboxylic acid ester of polyhydric alcohol which may be used according to this invention 
together with phosphonium sulfonate shown by Formula (1) and inorganrc sulfonate shown by Formula (2) include 
ethylene glycol, propylene glycol, glycerol, polyglycerols having degree of polymerization 2-10 such as diglycerol and 
50 triglycerol, alkylene oxide adducts of these polyglycerols, and monoesters, diesters and triesters of polyhydric (dihydric 
- pentahydric) alcohol such as trimethylol propane and pentaerythritol and aliphatic carboxylic acid with 8-24 carbon 
atoms such as octanoic acid, lauric acid, stearic acid and behenic acid. Preferable among them are esters of glycerol, 
polyglycerol with degree of polymerization 2-1 0, trimethylolpropane or pentaerythritol with an aliphatic carboxylic acid. 
Glycerol monostearate, diglycerol monostearate and pentaerythritol distearate are particularly prefen^ed. 
55 [0014] The antistatic agents of this Invention are not limited by the method of their production. Examples of production 
method include: (1) the method of separately synthesizing a phosphonium sulfonate shown by Fomnula (1) and an 
inorganic sulfonate shown by Formula (2) and then mixing them together; (2) the method of preparing a mixture of a 
phosphonium sulfonate shown by Fonnula (1 ) and an Inorgank: sulfonate shown by Formula (2) by reacting respectively 
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corresponding inorganic sulfonate and phosphonium halide at a molar ratio ((sulfonate)/(hallde)) greater than 1; (3) 
the nr^ethod of preparing a mixture of a phosphonium sulfonate shown by Fonnula (1 ) and an inorganic sulfonate shown 
by Formula (2) by a neutralization reaction In which an alkali compound such as alkali metal oxide, alkali metal car- 
bonate, alkali metal hydrogencarbonate, alkaline-earth metal oxide, alkaline-earth metal carbonate or alkaline-earth 

5 hydrogencarbonate and a corresponding phosphonium hydroxide together with a corresponding organic sulfonic acid; 
and (4) the method of further mixing aliphatic carboxylic acid ester of polyhydric alcohol to the mixture obtained in (1 )-(3). 
[0015] As stated above, antistatic agents of this Invention Include both those with two components consisting of 
phosphonium sulfonate shown by Formula (1) and inorganic sulfonate shown by Formula (2) and those with three 
components further including aliphatic carboxylic acid ester of polyhydric alcohol. The invention does not impose any 

10 stringent limitation on the ratio of mixture for either type but the weight ratio between the phosphonium sulfonate of 
Formula (1) and the inorganic sulfonate of Formula (2) is preferably 99/1 - 5/95. Ratios in the range of 98/2 - 20/80 are 
more preferable and those in the range of 95/5 - 25/75 are even more preferable. As for the weight ratio between the 
sum of the phosphonium sulfonate of Formula (1 ) and the inorganic sulfonate of Formula (2) with respect to the aliphatic 
carboxylic acid ester of polyhydric alcohol, those in the range of 95/5 - 10/90 are preferable, those in the range of 80/20 

15 - 20/80 are more preferable and those in the range of 70/30 - 30/70 are even more preferable. With the mixing ratio 
within such a range, antistatic agents of this invention can demonstrate their antistatic characteristics more prominently. 
[0016] Methods according to this invention of applying an antistatic agent to a synthetk: polymer material are cate- 
gorized into (1) methods of adding any of those agents described above with two components and (2) method of adding 
any of those agents described above with three components. Methods of this invention are not stringently limited as 

20 to the ratio by which these two or three components are added, but the preferred ratios are as explained above. Thus, 
it is preferable to add phosphonium sulfonate of Formula (1) and inorganic sulfonate of Fomnula (2) at a weight ratio 
in the range of 99/1 - 5/95, more preferably in the range of 98/2 - 20/80 and even more preferably in the range of 95/5 
• 25/75. When all three components are added, the weight ratio between the sum of phosphonium sulfonate of Formula 
(1) and Inorganic sulfonate of Formula (2) to aliphatic carboxylic acid ester of polyhydric alcohol is preferably in the 

25 range of 95/5 - 10/90, more preferably in the range of 80/20 - 20/80, and even more preferably In the range of 70/30 
- 30/70. By a method of application according to this invention as limited above, it is possible to provide a superior 
antistatic characteristic to a synthetic polymer material. 

[0017] The invention does not Impose any particular limitation on the method of applying or adding components of 
an antistatic agent to a synthetic polymer material. Examples of the method Include (1 ) those wherein the two or three 

30 components of an antistatic agent according to this invention are preliminarily mixed together to fomn a mixture and 
this mixture is added to the synthetic polymer material; and (2) those wherein these two or three components are 
separately added to the synthetic polymer material. In the latter case, the order of addition is not important. 
[001 8] Examples of method for adding each component of an antistatic agent of this Invention to a synthetic polymer 
material Include (1) those of adding these components during the polymerization process for producing the synthetic 

35 polymer material; and (2) those of adding them during the molding of the synthetic polymer material. 

[001 9] Neither does this invention impose any particular limitation as to the amount of each component of an antistatic 
agent of this invention to be added to a synthetic polymer material. It Is generally preferable, however, that the total 
amount of the components to be added will be 0,1 - 10 weight parts, and more preferably 0.2 - 4 weight parts, to 100 
weight parts of the synthetic polymer material. 

40 [0020] Examples of synthetic polymer materials to which antistatic agents of this invention can be effectively applied 
include (1) polyolefin resins such as polyethylene resins and polypropylene resins; (2) polycarbonate resins; (3) poly- 
ester resins such as polyethylene terephthalate and polybutylene terephthalate; (4) polymethyl methacrylate resins; 
and (5) polycaprolactam resins. The effects are particularly prominent when applied to polycarbonate resins, polyester 
resins and polymethyl methacrylate resins, and even more particularly prominent when applied to polycarisonate resins. 

^5 [0021] When a method of providing antistatic characteristic Is used for polycarisonate resin, it Is preferable to apply 
0.5 - 2.0 weight parts of phosphonium sulfonate of Fomnula (1 ) to 1 00 weight parts of the resin, 0.02 - 0. 1 weight part 
of inorganic sulfonate of Fonmula (2) and further 0. 1 -2 weight part of aliphatic cariaoxylic acid ester of polyhydric alcohol. 
In this manner, antistatic property can be provided to potycartDonate resins even under a low humidity condition without 
adversely affecting the naturally transparent characteristic of polycarisonate resin. 

50 [0022] Antistatic agents of this invention may be applied within the framework of this invention together with agents 
of other kinds such as lubricants, antioxidants and ultraviolet light absorbers. 

[0023] The invention is described next in terms often particular embodiments of antistatic agents and three particular 
embodiments of method of application. 

Embodiment 1: Antistatic agent with tetrabutyl phosphonium octyl sulfonate and sodium dodecylphenyl sulfonate 
at weight ratio of 90/1 0. 

Embodiment 2: Antistatic agent with tetrabutyl phosphonium stearyl sulfonate and sodium dodecylphenyl sulfonate 
at weight ratio of 95/5. 
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Embodiments: Antistatic agent with tetrabutyl phosphonium dodecylphenyl sulfonate and potassium dodecylphe- 
nyl sulfonate at weight ratio of 93/7. 

Embodiment 4: Antistatic agent with diethyl-dlhexyl phosphonium diisopropyl-naphthyl sulfonate and sodium di- 
isopropyl-naphthyl sulfonate at weight ratio of 95/5. 

Embodiment 5: Antistatic agent with (1) tetrabutyl phosphonium dodecylphenyl sulfonate, (2) potassium dodecyl- 
phenyl sulfonate and (3) diglycerol monostearate at weight ratio {1)/(2) = 93/7 and ((1 )+{2))/(3) = 50/50. 
Embodiment 6: Antistatic agent with tetrabutyl phosphonium octyl sulfonate and magnesium dodecylphenyl sul- 
fonate at weight ratio of 90/1 0. 

Embodiment 7: Antistatic agent with tetrabutyl phosphonium lauryl sulfonate and calcium dodecylphenyl sulfonate 
at weight ratio of 95/5. 

Embodiment 8: Antistatic agent with tetrabutyl phosphonium dodecylphenyl sulfonate and magnesium dodecyt* 
phenyl sulfonate at weight ratio of 90/10. 

Embodiment 9: Antistatic agent with diethyl-dihexyl phosphonium diisopropyl-naphthyl sulfonate and magnesium 

diisopropyl-naphthyl sulfonate at weight ratio of 92/8. 

Embodiment 10: Antistatic agent with (1) tetrabutyl phosphonium dodecylphenyl sulfonate, (2) magnesium do- 
decylphenyl sulfonate and (3) diglycerol monostearate at weight ratio (1)/(2) = 90/10 and ((1)+(2))/(3) = 50/50. 

[0024] The three particular embodiments of method of application are as follows: 

Embodiment 11: l\/lethod of applying each component of the antistatic agents of Embodiments 1 -10 at weight ratio 
of 2 weight parts of their sum to 100 weight parts of polycarbonate resin. 

Embodiment 12: Method of applying each component of the antistatic agents of Embodiments 1 -1 0 at weight ratio 
of 1 weight part of their sum to 100 weight parts of polyethylene terephthalate resin. 

Embodiment 13: Method of applying each component of the antistatic agents of Embodiments 1 -1 0 at weight ratio 
of 3.5 weight parts of their sum to 1 00 weight parts of polymethyl methacrylate resin. 

[0025] Next, the invention will be described by way of test examples but it goes without saying that these examples 
are not intended to limit the scope of the invention. In what follows, "parts" will mean Veight parts" and "%" wilt mean 
"weight 

Part 1 : Preparation of components of antistatic agents 
Preparation of phosphonium sulfonates shown by Fonmula (1 ) 

[0026] Dioctyl-dimethyt phophonium chloride (323 parts = 1 .0 mole) was mixed to sodium cetyl sulfonate (328 parts 
= 1.0 mole) in a solvent. After sodium chloride thus produced was removed by washing with water, the solvent was 
distilled away to obtain dioctyl-dimethyl phosphonium cetyt sulfonate (563 parts = 0.95 moles). This will be referred to 
as antistatic component (Q-l). Components (Q-2) - (Q-7) as summarized in Table 1 were similarly obtained. 



Table 1 



Phosphonium sulfates shown by Formula (1) 




Al 




R2 


R3 


R4 




(group) 


(group) 


(group) 


(group) 


(group) 


Q-1 


cetyl 


octyl 


octyl 


methyl 


methyl 


Q-2 


docosanyl 


butyl 


butyl 


butyl 


butyl 


Q-3 


hexenyl 


hydroxyethyl 


hydroxyethyl 


hydroxyethyl 


methyl 


Q-4 


phenyl 


phenyl 


phenyl 


phenyl 


methyl 


Q-5 


dodecylphenyl 


butyl 


butyl 


butyl 


butyl 


Q-6 


naphthyl 


cyanoethyl 


cyanoethyl 


cyanoethyl 


methyl 


Q-7 


diisopropyinaphthyl 


octyl 


octyl 


octyl 


methyl 



Preparation of inorganic sulfonates shown by Fomriula (2) 

[0027] Sodium lauryl sulfonate (270 parts = 0.99 moles) was obtained by neutralizing lauryl sulfonic acid (250 parts 
= 1 .0 mole) with sodium hydroxide (40 parts = 1 .0 mole) in a usual manner. This will be refen^ed to as antistatic com- 
ponent (N-1). Components (N-2) - (N-6) as summarized in Table 2 were similarly obtained. 
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[0028] Calcium lauryl sulfonate (533 parts = 0.99 moles) was obtained by neutralizing lauryl sulfonic acid (500 parts 
= 2.0 moles) with calcium hydroxide (74 parts = 1.0 mole) in a usual manner. This will be referred to as antistatic 
component (N-7). Components (N-8) - (N-12) as also summarized In Table 2 were simllariy obtained. 



Table 2 



Inorganic sulfonates shown by Fonnula (2) 




A2 (group) 


Mm- 


N-1 


lauryl 


Na+ 


N-2 


octadeceny) 


K+ 


N-3 


phenyl 


Na+ 


N-4 


dodecylphenyl 


Na+ 


N-5 


naphthyl 


K+ 


N-6 


diisopropyl naphthyt 


Na+ 


N-7 


lauryl 


Ca++ 


N-8 


octadecenyl 


Mg+^ 


N-9 


phenyl 


Ca++ 


N-10 


dodecylphenyl 


Mg-^ 


N-11 


naphthyl 


Ca++ 


N-12 


diisopropyl naphthyl 


Mg++ 



Part 2: Preparation of antistatic agents 

[0029] Antistatic agent (P-1 ) (1 00 parts) was prepared by mixing dioctyl-dimethyl phosphonium propyl sulfonate (99 
parts) and sodium dodecylphenyl sulfonate (1 part). Antistatic agents (P-2) - (P-4), (P-8) and (P-1 4) - (P-23) were 

similarly prepared as summarized in Tables 3 and 4. 

[0030] Antistatic agent (P-5) (1 87 parts) was prepared by mixing component (N-2) (1 89 parts = 0.51 moles) obtained 
In Part 1 and tnphenylmethyl phosphonium chloride (16 parts = 0.05 moles) according to the method described in 
Japanese Patent Publication Tokkai 2-188593 and removing sodium chloride which was produced. Antistatic agents 
(P-6) and (P-7) were similarly prepared as summarized also In Table 3. 

[0031] Antistatic agent (P-9) (182 parts) was prepared by mixing naphthyt sulfonic acid (155 parts = 0.72 moles), 
sodium cartaonate (30 parts = 0.28 moles) and tricyanoethylmethyl phosphonium hydroxide (34 parts = 0.15 moles) to 
neutralize according to the method described in Japanese Patent Publication Tokico 47-2234. Antistatic agent (P-10) 
was similarly prepared as summarized also In Table 3. 

[0032] Antistatic agent (P-11) (30 parts) was prepared by mixing 20 parts of (P-3) and 10 parts of glycerol monos- 

tearate. 

[0033] Antistatic agent (P-1 2) (20 parts) was prepared by mixing 10 parts of (P-7) and 10 parts of diglycerol mono- 
stearate. 

[0034] Antistatic agent (P-1 3) (30 parts) was prepared by mixing 10 parts of (P-10) and 20 parts of pentaerythritol 
distearate. 

[0035] Antistatic agent (P-24) (30 parts) was prepared by mixing 20 parts of (P-1 6) and 10 parts of glycerol mono- 
stearate. 

[0036] Antistatic agent (P-25) (20 parts) was prepared by mixing 10 parts of (P-20) and 10 parts of diglycerol mon- 
ostearate. 

[0037] Antistatic agent (P-26) (30 parts) was prepared by mixing 10 parts of (P-23) and 20 parts of pentaerythritol 
distearate. 



Table 3 





Phosphonium sulfonate (Q) 
shown by Formula (1) 


Inorganic sulfonate (N) shown by Formula (2) 


Weight ratio (Q)/(N) 


Ai 






R3 




A2 




P-1 


PP 


OC 


OC 


MT 


MT 


DCP 


Na+ 


99/1 


p-2 


OC 


BT 


BT 


BT 


BT 


DCP 


Na+ 


90/10 


P-3 


ST 


BT 


BT 


BT 


BT 


DCP 


Na+ 


95/5 
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Tables (continued) 
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Phosphonium sulfonate (Q) 
shown by Formula (1) 


Inorganic sulfonate (N) shown by Formula (2) 


Weiaht ratio (QViM) 


A1 


R1 


R2 


R3 




A2 


M1 + 


P-4 


DO 


BT 


BT 


BT 


BT 


OC 


K+ 


90/10 


P-5 


OD 


PH 


PH 


PH 


MT 


OD 


K+ 


15/85 


P-6 


PH 


HE 


HE 


HE 


ET 


PH 


Na+ 


50/50 


P-7 


DCP 


BT 


BT 


BT 


BT 


OOP 


K+ 


93/7 


P-8 


DNP 


BT 


BT 


BT 


BT 


ST 


Na+ 


90/10 


P-9 


NP 


CE 


CE 


CE 


MT 


NP 


Na+ 


35/65 


P-10 


Dl 


ET 


ET 


HX 


HX 


Dl 


Na+ 


95/5 



15 

Table 4 







Phosphonium sulfonate (Q) shown by Fomnula (1) 


Inorganic sulfonate (N) shown by 


Weight ratio (0) 
















Formula (2) 




/(N) 


20 




Ai 




R2 


R3 


R4 


A2 


M2+ 






P-14 


PP 


OC 


OC 


MT 


MT 


DCP 


Mg++ 


98/2 




P-15 


OC 


BT 


BT 


BT 


BT 


DCP 


Mg++ 


90/10 




P-16 


LR 


BT 


BT 


BT 


BT 


DCP 


Ca-^+ 


95/5 


25 


P-17 


DO 


BT 


BT 


BT 


BT 


OC 


Ca++ 


90/10 


P-18 


OD 


PH 


PH 


PH 


MT 


OD 


Ca++ 


15/85 




P-19 


PH 


HE 


HE 


HE 


ET 


PH 


Mg++ 


50/50 




P-20 


DCP 


BT 


BT 


BT 


BT 


DCP 


Mg++ 


90/10 




P-21 


DNP 


BT 


BT 


BT 


BT 


ST 


Ca++ 


90/10 


30 


P-22 


NP 


CE 


CE 


CE 


MT 


NP 


Mg++ 


35/65 




P-23 


Dl 


ET 


ET 


HX 


HX 


Dl 


Mg++ 


92/8 



In Tables 3 and 4: 



PP: propyl group 

OC: octyl group 

ST: stearyl group 

LR: lauryl group 

DO: doccsanyl group 

OD: octadecenyi group 

PH: phenyl group 

DCP: dodecyl phenyl group 

DNP: dinonyl phenyl group 

Dl: diisopropyl naphthyl group 

BT: butyl group 

H E : hydroxyethyl group 

CE: cyanoethyi group 

ET: ethyl group 

HX: hexyl group 

MT: methyl group 

NP: naphthyl group 

Part 3 Effects of antistatic agents 

Experiment 1 

[0038] Polycarbonate resin (1 00 parts) and antistatic agent (P-1 ) (1 .5 parts) were placed inside a mill (Labo Plastomill 
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(tradename), produced by Toyo Seiki, inc.) and kneaded for 5 minutes at 280''C to obtain a resin composition. The 
resin composition thus obtained was molded Into sheets of thickness 2mm. Specific surface resistance (hereafter 
abbreviated as "SSR") of these sheets was measured and evaluated as explained below. Their tinting strength (here- 
after abbreviated as TS") and transparency (hereafter abbreviated as "TR") were also observed and evaluated as 
5 explained below. This is referred to as Test Example 1 . Similar tests were carried out with other antistatic agents 
embodying this invention (Test Examples 2-26) as well as Individual components of these agents (Comparison Exam- 
ples 1-11). The test results are summarized in Table 5. 

Measurement and evaluation of specific surface resistance 

10 

[0039] After the sheets produced as above were kept for 24 hours inside an isothemial chamber at a constant humidity 
(20''C at 45% RH) to adjust their moisture level, their specific surface resistance was measured by means of a super 
megohm meter (Type SM-821 0 produced by Toa Denpa Kogyo, Inc.) under the same environmental condition according 
to JtS-K6911 and evaluated as follows: 

15 

AAA: Excellent (SSR being smaller than 5 x ^0^^n) 
AA: Good (SSR being larger than 5 x 1 0^^n and smaller than 5 x ^Q^^Q), 
A: Fair (SSR being larger than 5 x 1 Qi^Q and smaller than 5 x 1 Q^Hl). 
B: Poor (SSR being larger than 5 x IC^Q and smaller than 1 x lO^^a). 
20 C: Bad (SSR being larger than 1 x ^O^^Q). 

Evaluation of tinting strength (TS) 

[0040] The sheets, after their specific surface resistance was measured, were observed visually and evaluated as 
25 follows: 

AA: Same hue as the blanks which were produced in the same way except no antistatic agent or its component 
was used. 

A: Slightly stronger hue than the blanks. 
30 B: Somewhat stronger hue than the blanks. 
C: Significantly stronger hue than the blanks. 

Evaluation of transparency "TR" 

35 [0041] The sheets, after their specific surface resistance was measured, were observed visually and evaluated as 
follows: 

A: Slightly more turbid than the blanks. 
B: Clearly more turbid than the blanks. 
^0 C: Significantly more turbid than the blanks. 

Experiment 2 

[0042] Polyethylene terephthalate resin (100 parts) and antistatic agent (P-2) (0.6 parts) were placed inside a mill 
45 (Labo PlastomlH (tradename), produced by Toyo Seiki, Inc.) and kneaded for 5 minutes at 280*C to obtain another 
resin composition. The resin composition thus obtained was molded into sheets of thickness 2mm by means of a hot 
press (produced by Toyo Seiki, Inc.) at 260°C. Specific surface resistance (SSR) and tinting strength (TS) of these 
sheets were also observed and evaluated as done In Experiment 1 described above. This Is referred to as Test Example 
27, and similar tests were carried out with other antistatic agents embodying this invention (Test Examples 28-38) as 
so well as with their individual components (Comparison Examples 1 2-22). The test results are summarized in Table 6. 

Experiments 

[0043] Polymethyl methacrylate resin (ICQ parts) and antistatic agent (P-3) (1 part) were placed inside a mill (Labo 
S5 Plastomill (tradename), produced by Toyo Seiki, Inc.) and kneaded for 5 minutes at 260'*C to obtain still another resin 
composition. The resin composition thus obtained was molded into sheets of thickness 2mm by means of a hot press 
(produced by Toyo Seiki, Inc.) at 260°C. Specific surface resistance (SSR), tinting strength (TS) and transparency (TR) 
of these sheets were also observed and evaluated as in Experiment 1 described above. This is referred to as Test 
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Example 39, and similar tests were carried out with other antistatic agents embodying this invention (Test Examples 
40-46) as well as with their individual components (Comparison Examples 23-28). The test results are summarized in 
Table 7. 

5 Experiment 4 

[0044] Polycari3onate resin (1 00 parts) and antistatic agent components (Q-1 ) (1 .9 parts) and (N-1 ) (0.1 parts) were 
placed inside a mill (Labo Plastomill (tradename), produced by Toyo Seiki, Inc.) and kneaded for 5 minutes at 280'C 
to obtain still another resin composition. Sheets were produced from this resin composition as above and their specific 
io surface resistance (SSR), tinting strength (TS) and transparency (TR) were also observed and evaluated as in Exper- 
iment 1 described above. This is referred to as Test Example 47, and similar tests were carried out with other antistatic 
agent compositions embodying this invention (Test Examples 48-66). The test results are summarized in Table 8. 

Experiment 5 

15 

[0045] Polymethyl methacrylate resin (100 parts) and antistatic agent components {Q-1) (1 .6 parts) and (N-4) (0.4 
parts) were placed inside a mill (Labo Plastomill (tradename), produced by Toyo Seiki, Inc.) and kneaded for 5 minutes 
at 280''C to obtain still another resin composition. Sheets were produced from this resin composition as above and 
their specific surface resistance (SSR), tinting strength (TS) and transparency (TR) were also observed and evaluated 
20 as in Experiment 1 described above. This is refen-ed to as Test Example 67, and similar tests were can-ied out with 
other antistatic agent compositions embodying this invention (Test Examples 68-74). The test results are summarized 
in Table 9. 

Experiment 6 

25 

[0046] Polyethylene terephthalate resin (100 parts) and antistatic agent components (Q-1) (1 .9 parts) and (N-1) (0.1 
parts) were placed inside a mill (Labo Plastomill (tradename), produced by Toyo Seiki, Inc.) and kneaded for 5 minutes 
at 280**C to obtain still another resin composition. Sheets were produced from this resin composition as above and 
their specific surface resistance (SSR) and tinting strength (TS) were also observed and evaluated as in Experiment 
30 1 described above. This Is refen-ed to as Test Example 75, and similar tests were carried out with other antistatic agent 
compositions embodying this invention (Test Examples 76, 78 and 87-90). The test results are summarized in Table 1 0. 

Experiment 7 

35 [0047] Polyethylene resin (100 parts) and antistatic agent components (Q-1) (1 .6 parts) and (N-4) (0.4 parts) were 
placed inside a mill (Labo Plastomill (tradename), produced by Toyo Seiki, Inc.) and kneaded for 5 minutes at 180'*C 
to obtain still another resin composition. Sheets were produced from this resin composition as above and their specific 
surface resistance (SSR) and tinting strength (TS) were also observed and evaluated as in Experiment 1 described 
above. This Is referred to as Test Example 79, and similar tests were carried out with other antistatic agent compositions 

40 embodying this Invention (Test Examples 80-82 and 91 -94). The test results are summarized also in Table 1 0. 

Experiment 8 

[0048] Polycaprolactam resin (100 parts) and antistatic agent components (Q-1) (1.9 parts) and (N-4) (0.1 parts) 
45 were placed inside a mill (Labo Plastomill (tradename), produced by Toyo Seiki. Inc.) and kneaded for 5 minutes at 
280*C to obtain still another resin composition. Sheets were produced from this resin composition as above and their 
specific surface resistance (SSR) and tinting strength (TS) were also observed and evaluated as In Experiment 1 
described above. This is referred to as Test Example 83, and similar tests were carried out with other antistatic agent 
compositions embodying this invention (Test Examples 84-86 and 95-98). The test results are summarized also in 
so Table 10. 

[0049] As can be clear from these results, this invention has the merit of providing superior antistatic property to 
synthetic polymer materials without adversely affecting their natural hue or transparency even under a tow humidity 
condition. 

55 



9 



EP 1 000 969 B1 



Table 5 



5 



10 



15 



20 



25 



30 



40 



45 







Antistatic agents and components 


Evaluations 






Q/N 


[Q+N] 


[N] 


(El 


SSR 


TS 


TR 


Test 


















Examples 
















1 


(P-l) 


99/1 


1.5 


0.015 




A 


AA 


AA 


2 


(P-2) 


90/10 


2.0 


0.20 




AA 


AA 


A 


3 


{P-3) 


95/5 


2.0 


0.10 




AA 


AA 


AA 


4 


{P-4) 


90/10 


1.5 


0.15 




AA 


AA 


A 


5 


(P-5) 


15/85 


0.2 


0.17 




AA 


AA 


A 


6 


(P-6) 


50/50 


0.4 


0.20 




AA 


AA 


A 


7 


(P-7) 


93/7 


1.0 


0.07 




AAA 


AA 


AA 


8 


(P-8) 


90/10 


2.0 


0.20 




AA 


AA 


A 


9 


{P-9) 


35/65 


0.3 


0.195 




AA 


AA 


A 


10 


(P-10) 


95/5 


1.8 


0.09 




AA 


AA 


AA 


11 


(P-ll) 


98/2 


2.0 


0.04 


1.0*1 


AAA 


AA 


AA 


12 


(P-12) 


93/7 


1.0 


0.07 


1.0*2 


AAA 


AA 


AA 


13 


(P-13) 


95/5 


1.0 


0.05 


2.0*3 


AAA 


AA 


AA 


14 


(P-14) 


98/2 


1.5 


0.03 




A 


AA 


AA 


15 


(P-15) 


90/10 


2.0 


0.20 




A 


AA 


A 


16 


(P-16) 


95/5 


2.0 


0.10 




AA 


AA 


AA 


17 


(P-17) 




1 

1 .o 


U. 1 o 




A 


A A 
MM 


A A 
MM 


18 


(P-18) 


20/80 


0.2 


0.17 




A 


AA 


AA 


19 


(P-19) 


50/50 


0.8 


0.40 




AA 


AA 


A 


20 


{P-20) 


90/10 


1.0 


0.10 




AAA 


AA 


AA 


21 


(P-21) 


90/10 


2.0 


0.20 




A 


AA 


AA 


22 


(P-22) 


35/65 


1.0 


0.325 




AA 


AA 


A 


23 


(P-23) 


92/8 


1.8 


0.144 




AA 


AA 


AA 


24 


(P-24) 


95/5 


2.0 


0.10 


1.0*1 


AAA 


AA 


AA 


25 


(P-25) 


90/10 


1.0 


0.10 


1.0*2 


AAA 


AA 


AA 


26 


(P-26) 


92/8 


1.0 


0.08 


2.0*3 


AAA 


AA 


AA 


Comparison Examples 
















1 


(Q-1) 


100/0 


2.0 


0 




C 


A 


AA 


2 


(Q-2) 


1 00/0 


2.0 


0 






A 


AA 


3 


(Q-3) 


100/0 


4.0 


0 




B 


c 


AA 


4 


{Q-4) 


100/0 


4.0 


0 




B 


c 


AA 


5 


(Q-5) 


100/0 


2.0 


0 




C 


A 


AA 


6 


(Q-6) 


100/0 


2.0 


0 




C 


A 


AA 


7 


(Q-7) 


100/0 


2.0 


0 




c 


A 


AA 


8 


(N-1) 


0/100 


2,0 


2.0 




B 


B 


C 


9 


(N-2) 


0/100 


2.0 


2.0 




B 


B 


C 


10 


(N-7) 


0/100 


2.0 


2.0 




C 


C 


C 


11 


(N-10) 


0/100 


3.0 


3.0 




c 


B 


C 



In Fig. 5 and hereafter: 

Q: phosphonlum sulfonate shown by Formula (1 ) 
N: inorganic sulfonate shown by Fonmula (2) 

Q/N: weight ratio of Q and N 

[Q+N]: total weight part of Q and N against 100 parts of resin 
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weight part of N against 100 parts of resin 

weight part of aliphatic carboxylic acid ester of polyhydric alcohol used against 100 parts of resin 
glycerol monostearate 
digfycerol monostearate 
pentaerythritoi distearate 



Table 6 







Antistatic agents and components 


Evaluations 






Q/N 


[Q+N] 


SSR 


TS 


Test Examples 










27 


(P-2) 




U.D 


A A 
MM 


A A 
MM 


28 


(P-3) 




1 .u 


A A 
AA 


A A 

AA 


29 


(P-4) 


yu/ 1 u 


1 ,u 


A A 
MM 


A A 

AA 


30 


(P-7) 


QQ/7 


1 .U 


AAA 
AAA 


A A 

AA 


31 


(P-9) 


QC/CC 

oo/oo 




AA 

MM 


A A 
MM 


32 


(P-10) 


yo/o 


£..\J 


A A 
MM 


A A 
MM 


33 


(P-15) 






AA 
MM 


AA 
MM 


34 


(P-16) 




9 n 


AA 

MM 


AA 
MM 


35 


(P-17) 


Qn/in 


1 

1 .9 


MM 


AA 

MM 


36 


{P-20) 


90/10 


1.0 


AAA 


AA 


37 


(P-22) 


35/65 


3.0 


AA 


AA 


38 


(P-23) 


92/8 


1.8 


AA 


AA 


Comparison Examples 










12 


(Q-1) 


100/0 


2.0 


C 


A 


13 


(Q-2) 


100/0 


2.0 


C 


A 


14 


(Q-3) 


100/0 


2.0 


C 


A 


15 


(Q-4) 


100/0 


2.0 


c 


A 


16 


(Q-5) 


100/0 


2.0 


c 


A 


17 


(Q-6) 


100/0 


2.0 


c 


A 


18 


(Q-7) 


100/0 


4.0 


B 


C 


19 


(N-1) 


0/100 


2.0 


B 


B 


20 


(N-2) 


0/100 


2.0 


B 


B 


21 


(N-7) 


0/100 


2.0 


B 


8 


22 


(N-10) 


0/100 


2.0 


C 


8 



Table 7 





Antistatic agents and components 


Evaluations 


Q/N 


[Q+N] 


SSR 


TS 


TR 


Test Examples 












39 


(P-3) 


95/5 


1.0 


AA 


AA 


AA 


40 


(P-6) 


50/50 


2.0 


AA 


AA 


A 


41 


(P-7) 


93/7 


2.0 


AAA 


AA 


AA 


42 


(P-10) 


95/5 


2.0 


AA 


AA 


AA 


43 


(P-16) 


95/5 


1.0 


AA 


AA 


AA 


44 


(P-19) 


50/50 


4.0 


AA 


AA 


A 


45 


(P-20) 


90/10 


2.0 


AAA 


AA 


AA 


46 


(P-23) 


92/8 


2.0 


AA 


AA 


AA 
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Table 7 (continued) 





Comparison Exampies 


Antistatic agents and components 


Evaluations 












5 


23 


(Q-1) 


100/0 


2.0 


C 


A 


AA 




24 


(Q-4) 


100/0 


2.0 


C 


A 


AA 




25 


(Q-5) 


100/0 


4.0 


A 


C 


AA 




26 


(Q-7) 


100/0 


2.0 


C 


A 


AA 


10 


27 


(N-1) 


0/100 


2.0 


6 


B 


C 




28 


(N-7) 


0/100 


2.0 


C 


B 


B 



Table 8 



15 



25 



30 



35 



40 







Antistatic agent components 


MetnoQ oT mixing 


Evaluations 




Q/N 


[Q+N] 


[N] 


[E] 


SSR 


TS 


TR 


Test Examples 


















47 


Q-1/N-1 


95/5 


2.0 


0.10 




a 


AA 


AA 


AA 


48 


Q-2/N-4 


90/10 


0.8 


0.08 




a 


AA 


AA 


AA 


49 


Q-3/N-2 


35/65 


0.3 


0.195 




b 


AA 


AA 


A 


50 


Q-4/N-3 


50/50 


0.4 


0.20 




c 


AA 


AA 


A 


51 


Q-5/N-4 


95/5 


2.0 


0.10 




a 


A/VA 


AA 


AA 


52 


Q-6/N-5 


70/30 


0.5 


0.15 




c 


AA 


AA 


A 


53 


Q-7/N-6 


90/10 


1.0 


0.10 




b 


AA 


AA 


AA 


54 


Q-2/N-1 


95/5 


1.0 


0.05 


2.0*1 


a 


AAA 


AA 


AA 


55 


Q-5/N-4 


95/5 


1.5 


0.075 


1.0*2 


a 


AAA 


AA 


AA 


56 


Q-7/N-6 


95/5 


2.0 


0.10 


1.0*3 


a 


AAA 


AA 


AA 


57 


Q-1/N-7 


95/5 


2.0 


0.10 




a 


AA 


AA 


AA 


58 


Q-2/N-10 


90/10 


0.8 


0.08 




a 


AA 


AA 


AA 


59 


Q-3/N-8 


35/65 


0.3 


0.195 




b 


A 


AA 


AA 


60 


Q-4/N-9 


50/50 


0.8 


0.40 




c 


AA 


AA 


A 


61 


Q-5/N-1 0 


90/10 


2,0 


0.20 




a 


AAA 


AA 


AA 


62 


Q-6/N-11 


70/30 


1.0 


0.30 




c 


AA 


AA 


A 


63 


Q-7/N-12 


90/10 


1.0 


0.10 




b 


AA 


AA 


AA 


64 


Q-2/N-7 


95/5 


1.0 


0.05 


2.0*1 


a 


AAA 


AA 


AA 


65 


Q-5/N-1 0 


95/5 


1.5 


0.075 


1.0*2 


a 


AAA 


AA 


AA 


66 


Q-7/N-12 


95/5 


2.0 


0.10 


1.0*3 


a 


AAA 


AA 


AA 



In Fig.8 and hereafter 

45 a; Resin, phosphonium sulfonate shown by Fomiuia (1), inorganic sulfonate shown by Fomriula (2) and aliphatic 

carboxylic acid ester of polyhydric alcohol (if used) were mixed simultaneously in a mixer and kneaded together 
b: After resin and phosphonium sulfonate shown by Formula (1 ) were mixed simultaneously in a mixer and kneaded 
together, inorganic sulfonate shown by Fomiula (2) was added and further kneaded together, 
c: After resin and inorganic sulfonate shown by Formula (2) were mixed simultaneously in a mixer and kneaded 

50 together, phosphonium sulfonate shown by Fomiula (1 ) was added and further kneaded together. 



12 



EP 1 000 969 B1 



Table 9 



5 



10 



15 







Antistatic agent components 


Method of mlxina 


Evaluations 


Q/N 


[Q+N] 


SSR 


TS 


TR 


Test Examples 














67 


Q-1/N-4 


80/20 


2.0 


a 


AA 


AA 


AA 


68 


Q-2/N-1 


95/5 


2.0 


b 


AA 


AA 


AA 


69 


Q-5/N-4 


90/10 


2.0 


c 


AAA 


AA 


AA 


70 


Q-7/N-6 


90/10 


1.5 


c 


AA 


AA 


AA 


71 


Q-1/N-10 


60/20 


2.0 


a 


AA 


AA 


AA 


72 


Q-2/N-7 


85/15 


2.0 


b 


AA 


AA 


AA 


73 


Q-5/N-10 


85/15 


2.0 


c 


AAA 


AA 


AA 


74 


Q-7/N-12 


90/10 


1.5 


c 


AA 


AA 


AA 



Table 10 



20 



25 



30 



40 



50 







Antistatic agent components 


Method of mixing 


Resin type 


Evaluations 


Q/N 


[Q+N] 


SSR 


TS 


Test Examples 














75 


Q-1/N-1 


95/5 


2.0 


a 


PET 


AA 


AA 


76 


Q-2/N-4 


80/20 


2.0 


a 


PET 


AA 


AA 


77 


Q-5/N-4 


95/5 


2.0 


b 


PET 


AAA 


AA 


78 


Q-7/N-6 


80/20 


2.0 


c 


PET 


AA 


AA 


79 


Q-1/N-4 


80/20 


1.0 


a 


PE 


AA 


AA 


80 


Q-2/N-6 


90/10 


1.0 


a 


PE 


AA 


AA 


81 


Q-5/N-4 


95/5 


2.0 


b 


PE 


AAA 


AA 


82 


Q-7/N-1 


80/20 


2.0 


c 


PE 


AA 


AA 


83 


Q-1/N-4 


95/5 


2.0 


a 


PCL 


AA 


AA 


84 


Q-2/N-1 


80/20 


2.0 


b 


PCL 


AA 


AA 


85 


Q-5/N-4 


90/10 


1.0 


c 


PCL 


AAA 


AA 


86 


Q-7/N-6 


80/20 


2.0 


c 


PCL 


AA 


AA 


87 


Q-1/N-7 


95/5 


2.0 


a 


PET 


AA 


AA 


88 


Q-2/N-10 


80/20 


2.0 


a 


PET 


AA 


AA 


89 


Q-5/N-10 


90/10 


2.0 


b 


PET 


AAA 


AA 


90 


Q-7/N-12 


80/20 


2.0 


c 


PET 


AA 


AA 


91 


Q-1/N-10 


80/20 


1.0 


a 


PE 


AA 


AA 


92 


Q-2/N-12 


90/10 


1.0 


a 


PE 


AA 


AA 


93 


Q-5/N-10 


90/10 


2.0 


b 


PE 


AAA 


AA 


94 


Q-7/N-7 


80/20 


2.0 


c 


PE 


AA 


AA 


95 


Q-1/N-10 


95/5 


2,0 


a 


PCL 


AA 


AA 


96 


Q-2/N-7 


80/20 


2.0 


b 


PCL 


AA 


AA 


97 


Q-5/N-10 


90/10 


1.0 


c 


PCL 


AAA 


AA 


98 


Q-7/N-12 


80/20 


2.0 


c 


PCL 


AA 


AA 



In Table 10: 



PET: polyethylene terephthalate resin 
PE: polyethylene resin 
PCL: polycaprolactam resin 
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10 



15 



25 



Claims 

1 . An antistatic agent for synthetic polymer materials, said antistatic agent comprising phosphonlum sulfonate shown 
by Formula (1) and inorganic sulfonate shown by Fomnula (2) wherein Fomiula (1) is 

and Fonnula (2) is 

(A^— S0f)„ .M"* 



where A^ and A^ are each independently an alkyl group with 1 -36 carbon atoms, an alkenyl group with 4-24 carbon 
atoms, a phenyl group, a phenyl group substituted by an alkyl group with 1-18 carbon atoms, a naphthyl group or 
a naphthyl group substituted by an alkyl group with 1-18 carbon atoms; R2, R3 and R* are each independently 
20 an aliphatic or aromatic hydrocarbon group with 1-18 carbon atoms or a hydrocarbon group substituted by a hy- 

droxy! orcyano group; M'^ is an alkali metal cation if n =: 1 and an atkaline-earth metal cation if n = 2; and n = 1 or 2. 

2. The antistatic agent of claim 1 further comprising an aliphatic carboxylic acid ester of polyhydric alcohol. 



The antistatic agent of claim 1 containing said phosphonlum sulfonate shown by Formula (1) and said inorganic 
sulfonate shown by Fonnula (2) at a weight ratio of 99/1 - 5/95. 



4. The antistatic agent of claim 2 containing said phosphonlum sulfonate shown by Formula (1) and said inorganic 
sulfonate shown by Fonnula (2) at a weight ratio of 99/1 - 5/95, the weight ratio of the sum of said phosphonium 

30 sulfonate shown by Formula (1) and said inorganic sulfonate shown by Formula (2) with respect to said aliphatic 

carboxylic acid ester of polyhydrk: alcohol being 95/5 - 10/90. 

5. The antistatic agent of claim 3 or claim 4 wherein A^ is selected from the group consisting of alkyl groups with 6-22 
carbon atoms, phenyl groups substituted by an alkyl group with 2-1 2 carbon atoms and naphthyl groups substituted 

35 by an alkyl group with 2-1 2 carbon atoms. 

6. The antistatic agent of any of claims 3 to 5 wherein R"", R2, R3, and R"^ are each a butyl group. 

7. The antistatic agent of any of claims 3 to 6 wherein A^ is selected from the group consisting of alkyl groups with 
40 6-22 carbon atoms, phenyl groups substituted by an alkyl group with 2-12 carbon atoms and naphthyl groups 

substituted by an alkyl group with 2-12 carbon atoms. 

8. A method of providing antistatic characteristic to a synthetic polymer material by applying antlstatb agent compo- 
nents, said method comprising the step of providing said synthetic polymer material with phosphonium sulfonate 

45 shown by Fomiula (1 ) and Inorganic sulfonate shown by Fomnula (2) at weight ratio of 99/1 - 5/95 wherein Formula 
(1)is 



, 0 ^\©/^' 



55 and Formula (2) is 



(A^-Sof )„.M'" 
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where and are each independently an alkyi group with 1 -36 carbon atoms, an alkenyl group with 4-24 carbon 
atoms, a phenyl group, a phenyl group substituted by an atkyi group with 1-18 carbon atoms, a naphthyl group or 
a naphthyl group substituted by an alkyI group with 1-18 carbon atoms; R^, R^, R^ and R^ are each independently 
an aliphatic or aromatic hydrocarbon group with 1-18 carbon atoms or a hydrocarbon group substituted by a hy- 
droxyl or cyano group; M"+ is alkali metal cation if n = 1 and alkaline-earth metal cation if n = 2; and n = 1 or 2. 

9. The method of daim 8 further comprising the step of providing said synthetic polymer material also with aliphatic 
carboxylic acid ester of polyhydric alcohol such that the weight ratio of the sum of said phosphonium sulfonate 
shown by Formula (1) and said inorganic sulfonate shown by Fomiula (2) with respect to said aliphatic carboxylic 

acid ester of polyhydric alcohol is 95/5 - 1 0/90. 

10. The method of claim 8 or claim 9 wherein A^ is selected from the group consisting of alky I groups with 6-22 carbon 
atoms, phenyl groups substituted by an alkyI group with 2-12 carbon atoms and naphthyl groups substituted by 
an alkyt group with 2-12 carbon atoms. 

11. The method of any of claims 8 to 10 wherein R^ R2 R3 and R* are each a butyl group. 

12. The method of any of claims 8 to 11 wherein A^ Is selected from the group consisting of alkyI groups with 6-22 
carbon atoms, phenyl groups substituted by an alkyi group with 2-1 2 carbon atoms and naphthyl groups substituted 
by an alkyI group with 2-12 carbon atoms. 

13. The method of any of claims 8 to 12 wherein a total of 0.1-10 weight parts of said antistatic agent components is 
applied to 100 weight parts of said synthetic polymer material. 



PatentansprQche 

1 . Antistatisches Mittel fur synthetische Polymemriaterialien , wobet das antistatische M ittel das In Fomnel (1 ) gezeigte 
Phosphoniumsulfonat und das in Forme! (2) gezeigte anorganische Sulfonat aufweist, wobei Fomiel 1 lautet: 



worin A^ und A^ jedes unabhangig eine Alkyl-Gruppe mit 1 bis 36 Kohlenstoffatomen sind, eine Alkenyl-Gruppe 
mit 4 bis 24 Kohlenstoffatomen, eine Phenyl-Gruppesind, eine Phenyl-Gruppe, substitulert dutch eine Alkyl-Grup- 
pe mit 1 bis 1 8 Kohlenstoffatomen, eine Naphthyl-Gruppeodereine Naphthyl-Gruppe, substitulert durch eine Alkyl- 
Gruppe mit 1 bis 18 Kohlenstoffatomen; R\ r2, r3 und R* sInd Jewells unabhangig eine aliphatische Oder aroma- 
tische Kohlenwasserstoff-Gruppe mit 1 bis 1 8 Kohlenstoffatomen odereine Kohlenwasserstoff-Gruppe, substitulert 
durch eine Hydroxyl- Oder eine Cyano-Gruppe; 1^^^*+ ist ein Alkalimetall-Kation, wenn n=1 gilt und ein Erdalkalime- 
tall-Kation, wenn n=2 gilt; und n = 1 oder 2. 

2. Antistatisches Mittel nach Anspruch 1 , ferner aufwelsend einen aliphatischen Carbonsaureester eines mehrwer- 
tlgen Alkohols. 

3. Antistatisches Mittel nach Anspruch 1, enthaltend das In Formel (1) gezeigte Phosphoniumsulfonat und das in 
Fomiel (2) gezeigte anorganische Sulfonat in einem Gewichtsverhaltnis von 99/1 bis 5/95. 

4. Antistatisches Mittel nach Anspruch 2, enthaltend das In Formel (1) gezeigte Phosphoniumsulfonat und das in 
Fonnel (2) gezeigte anorganische Sulfonat in einem Gewichtsverhaltnis von 99/1 bis 5/95, wobei das Gewichts- 
verhaltnis der Summe des in Formel (1) gezeigten Phosphoniumsulfonats und des in Formel (2) gezeigten anor- 



.R2 





und Fonnel (2) lautet; 
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ganischen Sulfonats in Bezug auf den aliphatischen Carbonsaureestereines mehn/vertigen Alkohols 95/5 bis 1 0/90 
betragt. 

5. Antistatisches Mittel nach Anspruch 3 Oder 4, worin A"* ausgewahit 1st aus der Gruppe, bestehend aus Alkyl-Grup- 
pen mit 6 bis 22 Kohlenstoffatomen, Phenyl-Gruppen, substituiert durch eine Alkyl-Gruppe mit 2 bis 12 Kohlen- 
stoffatomen, und Naphthyt-Gruppen, substituiert durch eine Alkyl-Gruppe mit 2 bis 12 Kohlenstoffatomen. 

6. Antistatisches l\4lttel nach einem der vorgenannten Anspruche 3 bis 5, worin R\ R^, und R^ Jewells eine Butyl- 
Gruppe sind. 

7. Antistatisches Mittel nach einem der vorgenannten Anspruche 3 bis 6, worin A^ ausgewahit ist aus der Gnjppe, 
bestehend aus Aikyi-Gruppen mit 6 bis 22 Kohlenstoffatomen, Phenyl-Gruppen, substituiert durch eine Alkyl-Grup- 
pe mit 2 bis 1 2 Kohlenstoffatomen, und Naphthyl-Gruppen, substituiert durch eine Alkyl-Gruppe mit 2 bis 1 2 Koh- 
lenstoffatomen. 

8. Verfahren zum Ausstatten eines synthetischen Poiymemiaterials mit antistatischen Elgenschaften durch Aufbrin- 
gen von Komponenten eines antistatischen Mittels, welches Verfahren den Schritt des Ausstattens des syntheti- 
schen Polymennaterlals mit dem in Forme! (1 ) gezeigten Phosphoniumsulfonat und dem in Formel (2) gezeigten 
anorganischen Sulfonat in einem Gewichtsverhaltnis von 99/1 bis 5/95 umfasst, wobei Formel 1 lautet: 



worin A^ und A^ jedes unabhangig eine Alkyl-Gruppe mit 1 bis 36 Kohlenstoffatomen sind, eine Alkenyl-Gruppe 
mit 4 bis 24 Kohlenstoffatomen, eine Phenyl-Gruppe sind, eine Phenyl-Gruppe, substituiert durch eine Alkyl-Grup- 
pe mit 1 bis 18 Kohlenstoffatomen, eine Naphthyl-Gruppe Oder eine Naphthyl-Gruppe, substituiert durch eine Alkyl- 
Gruppe mit 1 bis 18 Kohlenstoffatomen; R^ R2 R3und R^ sind jeweils unabhangig eine aliphatische Oder aroma- 
tlsche Kohlenwasserstoff-Gruppe mit 1 bis 1 8 Kohlenstoffatomen odereine Kohlenwasserstoff-Gruppe, substituiert 
durch eine Hydroxy!- Oder eine Cyano-Gruppe; ist ein Aikalimetali-Kation, wenn n=1 gilt und ein Erdalkalime- 
tall-Katlon, wenn n=2 gilt; und n = 1 oder 2. 

9. Verfahren nach Anspruch 8, femer umfassend den Schritt des Ausstattens des synthetischen Poiymemiaterials 
auch mit aliphatischem Carbonsaureester eines mehnwertigen AII<ohols derart, dass das Gewichtsverhaltnis der 
Summe des in Fomnel (1) gezeigten Phosphoniumsulfonats und des in Fomnel (2) gezeigten anorganischen Sul- 
fonats In Bezug auf den aliphatischen Carbonsaureestereines mehnwertigen Alkohols 95/5 bis 10/90 betrdgt. 

10. Verfahren nach Anspruch 8 oder 9, wobei A^ ausgewahit ist aus der Gruppe. bestehend aus Alkyi-Gruppen mrt 6 
bis 22 Kohlenstoffatomen, Phenyl-Gruppen, substituiert durch eine Alkyl-Gruppe mit 2 bis 12 Kohlenstoffatomen, 
und Naphthyl-Gruppen, substituiert durch eine Alkyl-Gruppe mit 2 bis 12 Kohlenstoffatomen. 

11. Verfahren nach einem der Anspruche 8 bis 10, worin R^, R2 R3 und R* Jewells eine Butyl-Gruppe sind. 

12. Verfahren nach einem der Anspruche 8 bis 11, worin A^ ausgewahit ist aus der Gruppe, bestehend aus Alkyl- 
Gruppen mit 6 bis 22 Kohlenstoffatomen, Phenyl-Gruppen, substituiert durch eine Aikyl-Gnjppe mit 2 bis 12 Koh- 
lenstoffatomen, und Naphthyl-Gruppen, substituiert durch eine Alkyl-Gruppe mit 2 bis 12 Kohlenstoffatomen. 

13. Verfahren nach einem der Anspruche 8 bis 12, worin insgesamt 0,1 bis 10 Gewichtsteite der Komponenten des 
antistatischen Mittels auf 100 Gewichtsteile des Polymermaterials aufgetragen werden. 





und Fonmel (2) lautet: 
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Revendications 

1. Agent antlstatique pour des mat^riaux polym^res synth^tiques, iedit agent antistatique comprenant un sulfonate 
de phosphonium montrd par la Fonmule (1) et un sulfonate Inorganlque montr6 par la Fomnute (2), dans lequel la 
Fonnule (1) est: 



ou et A^ sont chacun independamment un groupe alkyle avec 1-36 atomes de carbone, un groupe alcenyle 
avec 4-24 atomes de carbone, un groupe phenyle, un groupe phenyle substitue par un groupe alkyle avec 1-18 
atomes de carbone, un groupe naphtyle ou un groupe naphtyle substitu§ par un groupe alkyle avec 1-18 atomes 
de carbone; R"*, R^, r3 et sont chacun independamment un groupe hydrocarbure aliphatique ou aromatique 
avec 1-18 atomes de carbone ou un groupe hydrocarbure substitud par un groupe hydroxyle ou cyano; M"-^ est 
un cation de metal atcalin si n = 1 et un cation de m^tal alcalino-terreux si n= 2; et n - 1 ou 2. 

2. Agent antistatique suivant la revendication 1 , comprenant en outre un ester d'acide carboxyiique aliphatique d'un 
alcool polyhydrlque. 

3. Agent antistatique suivant la revendication 1 , contenant ledit sulfonate de phosphonium montr^ par la Fonnule (1 ) 
et ledit sulfonate inorganlque montr6 par la Fonnule (2) k un rapport en poids de 99/1-5/95. 

4. Agent antistatique suivant la revendication 2, contenant ledit sulfonate de phosphonium montr6 par la Fonnule (1 ) 
et (edit sulfonate inorganlque montre par la Fonnule (2) k un rapport en poids de 99/1-5/95, le rapport en poids 
de la somme dudit sulfonate de phosphonium montr^ par la Formule (1 ) et dudit sulfonate inorganlque montrd par 
la Formule (2) relativement audit ester d'acide carboxyiique aliphatique d'alcool polyhydrlque 4tant de 95/5-1 0/90. 

5. Agent antistatique suivant la revendication 3 ou la revendication 4, dans lequel A"" est choisi dans le groupe cons- 
titue de groupes alkyles avec 6-22 atomes de carbone, de groupes ph^nyles substrtu^s par un groupe alkyle avec 
2-12 atomes de carbone et de groupes naphtyles substltu^s par un groupe alkyle avec 2-12 atomes de carbone. 

6. Agent antistatique suivant I'une quelconque des revendications 3^5, dans lequel R^ R^, R^ et R^ sont chacun 
un groupe butyle. 

7. Agent antistatique suivant I'une quelconque des revendications 3^6, dans lequel A^ est choisi dans le groupe 
constitue de groupes alkyles avec 6-22 atomes de carbone, de groupes phenyles substitu^s par un groupe alkyle 
avec 2-12 atomes de carbone et de groupes naphtyles substltu6s par un groupe alkyle avec 2-12 atomes de 
carbone. 

8. Precede pour donner une caract^ristique antistatique k un materlau polymere synth6tique en appllquant des com- 
posants de I'agent antistatique, iedit proc^d^ comprenant I'^tape d'apport audit materlau polym6re synth^tique 
d'un sulfonate de phosphonium montr§ par la Fonnule (1) et d'un sulfonate inorganlque montr6 par la Formule (2) 
k un rapport en poids de 99/1-5/95, dans lequel la Formule (1) est: 




et la Formule (2) est: 



(A2-S0f)„.M' 



,n+ 
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et la Formule (2) est: 

(A^-SOf)„ . M"^ 

ou et A2 sont chacun ind6pendamment un groupe alkyle avec 1-36 atomes de carbone, un groupe alc6nyle 
avec 4-24 atomes de cartone, un groupe ph§nyie, un groupe ph^nyie substitu4 par un groupe alkyie avec 1-18 
atomes de carbone, un groupe naphtyle ou un groupe naphtyle substituS par un groupe alkyle avec 1-18 atomes 
de carbone; R2, R3 et R* sont chacun ind6pendamment un groupe hydrocarbure aliphatique ou aromatlque 
avec 1-18 atomes de carbone ou un groupe hydrocarbure substitu6 par un groupe hydroxyle ou cyano; M"-*^ est 
un cation de metal alcalin si n = 1 et un cation de m^tal alcallno-terreux si n= 2; et n = 1 ou 2. 

9. Proc6d6 suivant la revendlcatlon 8, comprenant en outre I'^tape d'apport audit mat^rlau polym^re synth^tique 
6galement d'un ester d'aclde carboxyiique aliphatique d'un alcool polyhydrique de sorte que le rapport en poids 
de la somme dudit sulfonate de phosphonium montr^ par la Formule (1) et dudit sulfonate inorganique montre par 
la Fomiule (2) relativement audit ester d'aclde carboxyiique aliphatique d'alcool polyhydrique est de 95/5-10/90. 

10. Proc6d§ suivant la revendlcatlon 8 ou la revendlcatlon 9, dans lequel A^ est choisi dans le groupe constitu6 de 
groupes alkyles avec 6-22 atomes de carbone, de groupes ph6nyles substitu6s par un groupe alkyle avec 2-12 
atomes de carbone et de groupes naphtyles substituds par un groupe alkyle avec 2-12 atomes de carbone. 

1 1 . Precede suivant Tune quelconque des revendlcations 8^10, dans lequel R^ , R^, R^ et R^ sont chacun un groupe 
butyle. 

12. Proc6d6 suivant Tune quelconque des revendlcations Ball, dans lequel A^ est choisi dans le groupe constitue 
de groupes alkyles avec 6-22 atomes de carbone, de groupes phenyles substitues par un groupe alkyle avec 2-12 
atomes de carbone et de groupes naphtyles substitues par un groupe alkyie avec 2-12 atomes de carbone. 

1 3. Precede suivant Tune quelconque des revendlcations 8^12, dans lequel un total de 0,1 -1 0 parties en poids desdits 
composants de Tagent antistatique est applique a 100 parties en poids dudit mat^riau polymere synthetique. 
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